In a previous study (in press), we have shown that the +d-``m gene does not participate directly in the reaction of pteridine metabolism, but it seems to control the system that maintains the pteridine compound within the hypodermal cells. A hypothesis has been presented that the +d-``m gene controls the production of a specific protein that is an important factor in combining with yellow pigments (dihydropterin) and in keeping them within the cells. To confirm this hypothesis the present experiments were conducted.
pterin, occur in fresh hypodermal cells of larvae of the strains lemon and dilute lemon. The presence of these chromogranules in the hypodermal cells gives a yellow color to the larvae (Tsujita 1961) . In order to obtain the granules, larvae of the above strains were cut open from their dorsal side and all their inner organs removed, and the cytoplasm of the hypodermal layer which contained the granules was scraped and gathered together. The raw fresh material of cytoplasm thus obtained was mixed with 20/ polyvinyl pyrrolidon solution (P. V. P, solution) and then centrifuged under refrigeration. The precipitate that contained the granules was separated from the supernatant and mixed with 40% P. V. P. solution. The suspension was stirred thoroughly and centrifuged. The purification procedure of the chromogranules was repeated several times and the purified granules were lyophilized. The above procedure of preparation is given in the following figure. bands were stained with bromophenol blue (B. P. B.). Prior to the staining of the protein bands, the localization of substances that showed fluorescence, such as iso xanthopterin and the yellow pigment, was observed by exposing the paper to ultraviolet light.
(3) High voltage electrophoresis. In order to detect the presence of amino acids and peptides which contaminate the chromoprotein and to analyze the constitution of the protein of the chromogranules, the same samples used in the above electrophoresis experiment (2) were painted on the application line of Toyo filter paper No. 51, 60x 10 cm in size, which had been previously immersed in pyridine-glacial acetic acid-water mixture (volume ratio 1: 10:90) at pH 3.6. The treated paper was examined by high voltage electrophoresis under refrigeration in n-hexane for 40 minutes.
A 0.2% ninhydrin acetone solution was used for the staining of peptides and amino acids.
(4) Electrophoresis after the treatment of Cryptic digestion. The purified sample was digested with trypsin (NBC salt free) at pH 8.0. The weight ratio of trypsin to protein was 1: 20 or 1: 50. The sample dissolved in sodium borate-boric acid buffer solution and heated for 3 minutes at 90° C. After cooling, one to two drops of toluene and trypsin were added and the sample was incubated for 20-48 hours at 25 °C. The supernatant was examined by high voltage electrophoresis which had been described above.
Experimental Results

Chromogranules
The chromogranules obtained from either the cytoplasm of hypodermal cells of the lemon larvae or those of the dilute lemon larvae were almost the same in shape, that is, they were irregularly spherical of 2-3 fL in diameter ( Fig. 1 A, B) . The granules obtained from the hypodermis of larvae with the genotype, lem/lem; -{-d-lens/+d-~em~ had a much darker yellow color than those obtained from larvae with the genotype, lem/ lem; d-lem/d-lem. Aruga (1950) reported that uric acid occurred in the spherical granules and that the yellow pigments were found in minute clavate-shaped particles. In the present study, however, all the purified spherical granules had a distinctly yellow color that indicated the presence of yellow pigments.
Similarly shaped granules were obtained from the hypodermal cells of normal larvae by the above purification procedure. The diameter of these granules was 1-2.5 1a, and was smaller than those of the granules obtained from the other two mutant larvae.
The granules from normal larvae were white, and contained a large amount of isoxanthopterin ( Fig. I . C).
Paper electrophoresis
Experimental results of paper electrophoresis are given in the following figure.
As shown in Fig. II The protein band that had a positive reaction for B. P. B. was detected close to the application line but two or three spots that exhibited a positive reaction for ninhydrin had advanced toward the cathode.
Substances that exhibited fluorescence were found in the protein band (Fig. III) .
The experimental results of the two dimensional method are given in Fig. IV .
One spot occurrd at the application line;
2-4 spots of peptides or amino acids had migrated toward the cathode direction.
Since it was necessary to remove the peptides or amino acids which were present as contaminants, the samples were dialyzed with a visking dialysis membrane. After the low molecular weight substances were completely removed from the samples, the pure granular proteins were digested with trypsin, and then examined by high voltage The above patterns on the filter paper were divided into four parts, 1-P, 2-P, 3-P and 4 N-P as shown in As seen in Fig. VI A, B , nearly the same peptide patterns were produced in 3-P and 4 N-P of the normal, lemon and dilute lemon samples. However, in 1-P of the lemon sample, one supernumerary peptide band appeared in addition to the 10 common ones (Fig. VI D) . In the 2-P of lemon and the dilute lemon samples, a supernumerary peptide band whose Rf value differed with the two samples appeared in addition to the 10 common ones (Fig. VI C) . Thus, clear-cut differences were found in the peptide composition of the three types of chromoprotein. 
Discussion
The yellow pigments, 2-amino-4-hydroxy-6 lactyl-7.8-dihydropteridine*, are found within chromogranules which are formed abundantly in the cytoplasm of hypodermal cells of the lemon and the dilute lemon larvae. Furthermore, in the cytoplasm of hypodermal cells of normal larvae, there are similar spherical granules, but they are smaller in size than those of the lemon and the dilute lemon larvae. These granules from normal larvae contain a large amount of isoxanthopterin. It is apparent that the chromogranules absorb and combine with the pteridine compounds, such as dihydropterin and isoxanthopterin. Whether metabolic substances other than pteridine compounds are present in the granules is still not known.
The paper electrophoresis investigation of chromogranules of normal, lemon, and dilute lemon larvae showed that the grannles from each type of larvae had a characteristic pattern. It was at first thought that these electrophoretic differences might reflect small structural dissimilarities among the three types of chromoprotein comparable to those that have been found in mutant human hemoglobin (Ingram 1958) . However, the digestion of the chromoprotein with trypsin showed differences in the peptide composition; the chromoprotein of the lemon sample contained two supernumerary peptides in addition to those commonly observed in the three types of chromoprotein, while the chromoprotein of the dilute lemon sample had only one additional peptide that had a different Rf value when compared with the supernumerary one produced by the 2-P of the lemon sample. The two supernumerary peptides found in the lemon sample are believed to be components of the specific protein which has the ability to combine with yellow pigments. The single supernumerary peptide found in the dilute lemon sample is apparently a component of the specific but an altered protein.
On the basis of the present study, the biochemical interactions between lem and +d-" "' or between lem and d-lem genes may be explained as follows. The yellow pigments are produced abundantly in hypodermal cells in which the step leading from dihydropterin to tetrahydropterin is blocked by the lem gene (Tsujita 1961) . A specific protein is produced under the control of +d-``m gene action in the presence of yellow pigments. As the chromogranules in hypodermal cells of larvae with the genotype lem/lem; +1/+1 d-d-em contain this protein, they are able to absorb yellow * The structure of the yellow pigment in the silkworm was studied by Nawa who found this pigment is 2-amino-4-hydroxy-6-lactyl-7,8-dihydropteridine. This finding revealed that the yellow silkworm pigment is the same as the sepiapterin of Drosophila melanogaster (Nawa 1960) . However, using nuclear magnetic resonance spectroscopy Forrest and Nawa (1962) studied on the structure of the two yellow fluorescent compounds, sepiapterin and isosepiapterin of D. melanogaster and found that these are closely related 2-amino-4-oxo-6-acyltetrahydropteridine, the acyl group in isosepiapterin being propionyl and in sepiapterin, lactyl. 
